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(54) Lithographic apparatus 

(57) Liquid is supplied to a reservoir (10) between 
the final element of the projection system (PS) and the 
substrate by an inlet (21 ,22). An overflow removes the 



liquid above a given level. The overflow is arranged 
above the inlet and thus the liquid is constantly re- 
freshed and the pressure in the liquid remains substan- 
tially constant. 
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Description 

Field 

[0001] The present invention reiates to a lithographic 5 
apparatus and a method for manufacturing a device. 

Background 

[0002] A lithographic apparatus is a machine that ap- 
plies a desired pattern onto a substrate, usually onto a 
target portion of the substrate. A lithographic apparatus 
can be used^ for example, In the manufacture of inte- 
grated circuits (ICs). In that instance, a patterning de- 
vice, which is alternatively referred to as a mask or a 
reticle, may be used to generate a circuit pattern to be 
fomned on an individual layer of the IC. This pattern can 
be transferred onto a target portion (e.g. comprising part 
of, one, or several dies) on a substrate (e.g. a silicon 
wafer). Transfer of the pattem Is typically via imaging 
onto a layer of radiation-sensitive material (resist) pro- 
vided on the substrate. In general, a single substrate will 
contain a network of adjacent target portions that are 
successively patterned. Known lithographic apparatus 
Include so-called steppers, In which each target portion 
is irradiated by exposing an entire pattem onto the target 
portion at one time, and so-called scanners, in which 
each target portion is irradiated by scanning the pattern 
through a radiation beam in a given direction (the "scan- 
ning" -direction) while synchronously scanning the sub- 
strate parallel or anti-parallel to this direction. It Is also 
possible to transfer the pattern from the patterning de- 
vice to the substrate by Imprinting the pattern onto the 
substrate. 

[0003] It has been proposed to immerse the substrate 
in the lithographic projection apparatus in a liquid having 
a relatively high refractive index, e.g. water, so as to fill 
a space between the final element of the projection sys- 
tem and the substrate. The point of this is to enable im- 
aging of smaller features since the exposure radiation 
will have a shorter wavelength in the liquid. (The effect 
of the liquid may also be regarded as increasing the ef- 
fective NA of the system and also increasing the depth 
of focus.) Other immersion liquids have been proposed, 
Including water with solid particles (e.g. quartz) sus- 
pended therein. 

[0004] I-I6wever, submersing the substrate or sub- 
strate and substrate table in a bath of liquid (see for ex- 
ample US 4,609,852, hereby incorporated in its entirety 
by reference) means that there is a large body of liquid 
that must be accelerated during a scanning exposure. 
This requires additional or more powerful motors and 
turbulence in the liquid may lead to undesirable and un- 
predictable effects. 

[0005] One of the solutions proposed Is for a liquid 
supply system to provide liquid on only a localized area 
of the substrate and in between the final element of the 
projection system and the substrate using a liquid con- 



fmement system (the substrate generally has a larger 
surface area than the final element of the projiection sys^ 
tern). One way which has been proposed to arrange for 
this is disclosed in WO 99/49504, hereby incorporated 
in its entirety by reference. As illustrated in Figures 2 
and 3, liquid is supplied by at least one inlet IN onto the 
substrate, preferably along the direction of movement 
of the substrate relative to the final element, and is re- 
moved by at least one outlet OUT after having passed 
under the projection system. That is, as the substrate is 
scanned beneath the elernent in a - X direction, liquid is 
supplied at the 4-X side of the element and taken up at 
the -X side. Figure 2 shows the arrangement schemat- 
ically in which liquid is supplied via inlet IN and is taken 
up on the other side of the element by outlet OUT which 
is connected to a low pressure source. In the illustration 
of Figure 2 the liquid Is supplied along the direction of 
movement of the substrate relative to the final element, 
though this does not need to be the case. Various ori- 
entations and numbers of in- and out-lets positioned 
around the final element are possible, one example is 
illustrated in Figure 3 in which four sets of an inlet with 
an outlet on either side are provided in a regular pattern 
around the final element. 

[0006] Another solution which has been proposed is 

to provide the liquid supply system with a sea! member 
which extends along at least a part of a boundary of the 
space between the final element of the projection sys- 
tem and the substrate table. Such a solution is illustrated 
in Figure 1 0. The seal member Is substantially stationary 
relative to the projection system in the XY plane though 
there may be some relative movement in the Z direction 
(in the direction of the optical axis). A seal is formed be- 
tween the seal member and the surface of the substrate. 
Preferably the seal Is a contactless seal such as a gas 
seal. Such as system with a gas seal is disclosed in Eu- 
ropean Patent Application No. 03252955.4 hereby in- 
corporated in its entirety by reference. 
[0007] In European Patent Application No. 
03257072.3 the idea of a twin or dual stage immersion 
lithography apparatus is disclosed. Such an apparatus 
Is provided with two stages for supporting the substrate. 
Leveling measurements are carried out with a stage at 
a first position, without irhmersibn liquid, and exposure 
is carried out with a stage at a second position, where 
immersion liquid is present. Alternatively, the apparatus 
has only one stage. 

[0008] However, if the liquid remains stationary, tem- 
perature fluctuations can cause wave front disturbances 
In the projection beam and thus cause errors in the pro- 
jected image. It has therefore been proposed to refresh 
the liquid periodically. However, using the seal de- 
scribed above, or an outlet In the vicinity of the seal to 
remove the liquid causes mechanical vibrations thereby 
disturbing the exposure. Also, the pressure involved in 
liquid refreshment Is high and the projection system is 
highly sensitive to pressure variations which can cause 
defomnations in the final element of the projection sys- 
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tern and disturbances. Consequently the depth of liquid 
around the projection system should be kept constant. 
[0009] The motion of the substrate relative to the pro- 
jection system can generate a pressure gradient. In 
some circumstances this can lead to the liquid being 
swept from underneath the projection system. Unless 
the liquid is uniform under the projection system, or if 
gas bubbles are present under the projection system the 
accuracy of the exposure will be compromised. 
[0010] If an error occurs in the apparatus such as fail- 
ure of the seal or the substrate table Is accidentally re- 
moved from beneath the projection system the liquid will 
be dispersed throughout the apparatus potentially dam- 
aging the apparatus unless the liquid Is removed quickly. 
The liquid supply systems proposed above, particularly 
the one including the gas seal do not provide a fast 
enough way of evacuating the liquid. 
[0011] It is an object of the present invention to pro- 
vide a system in which pressure fluctuations and/or tem- 
perature variations in the liquid are minimized without 
introducing unnecessary disturbances due to mechani- 
cal vibrations. 

[001 2] These and other objects are achieved accord- 
ing to the invention in a lithographic projection apparatus 
comprising: 

- a radiation system for providing a projection beam 
of radiation; 

a support structure for supporting patterning 
means, the patterning means serving to pattern the 
projection beam according to a desired pattern; 
a substrate table for holding a substrate^- 
a projection system for projecting the patterned 
beam onto a target portion of the substrate; and 
a liquid supply system for at least partly filling a 
space between the final element of said projeciion 
systerh and said substrate with a liquid to form a 
liquid reservoir, 

characterized by further comprising an overflow from 
said liquid reservoir. 

[0013] The overflow is from the liquid reservoir formed 
by the immersion liquid and the excess liquid is removed 
to another location. The overflow can be used to main- 
tain the liquid depth at a substantially constant level, 
thereby reducing pressure variations on the final ele- 
ment of the projection system due to a variable depth of 
liquid. As the fluid is being removed by an outlet other 
than that used In or around a gas seal mechanical vi- 
brations will be reduced. Due to the presence of the 
overflow, liquid may be supplied at a higher flow rate 
than In conventional systems. The higher rate of liquid 
replacement ensures that the liquid doesnt heat up too 
much and also prevents contamination of the inrimersion 
liquid by the photoresist. According to an embodiment 
the overflow is the outlet liquid supply system. The ap- 
paratus further comprises an inlet for supplying liquid to 
the space between the final element of the projection 



system and the substrate, the overflow being arranged 
above the inlet to ensure the overflow effectively re- 
moves the liquid. The liquid is bounded by a barrier and 
an entrance to the overflow Is positioned on the opposite 
• 5 side of the barrier. Thus only when the liquid is outside 
the boundary of the barrier is it removed by the overflovy. 
The overflow is preferably arranged such that said liquid 
only flows into said overflow when said liquid flows over 
the top of said barrier. The overflow can be arranged so 

10 that it is at the same height as the top of the barrier or 
below the height of the barrier. For example, the barrier 
forms a ridge, the area of the ridge being not insignificant 
compared to the area of the final element of the projec- 
tion system. For simplicity the barrier forms part of the 

15 liquid supply system. The liquid supply system referred 
to in this description is not limited simply to apparatus 
to supply fluid and can include elements to control the 
position, quantity, shape, flow rate or any other features 
of the fluid. The fluid continuously refreshed at a con- 

20 stant rate in order to reduce temperature variations. 
[001 4] In order to maintain the pressure above the liq- 
uid at a known level the space above the liquid is sealed 
with an airtight member. Furthermore the outlet can 
maintain the air pressure above the fluid at a constant 

25 level by, for example, providing a known suction force. 
Maintaining the gas pressure above the liquid at a con- 
stant level reduces the pressure variations on the pro- 
jection system. 

[0015] According to another aspect of the Invention 

30 there Is provided a lithographic apparatus as specified 
in the opening paragraph wherein the radiation system 
provides a projection beam of radiation directed towards 
atarget portion of the substrate, the liquid supply system 
comprising an Inlet for supplying liquid to the space be- 

35 tween the final element of the projection system and the 
substrate and a seal member extending along at least 
a part of the boundary of said space between the final 
element of said projection system and the substrate ta- 
ble, the apparatus being characterized in that the inlet 

40 is adjacent to the inner circumference of the seal mem- 
ber and is directed towards the target portion of the sub- 
' ■ strate: ' 

[0016] The. fluid directly under the projection system 
is therefore refreshed. The fluid flows from the inlet to 

45 the area directly under the projection system where it 
circulates before being removed via an outlet. This is 
further aided by the liquid supply system being arranged 
such that a passage is formed between an element of 
the projection system and said seal member for the flow 

so of liquid towards an outlet. The flow of fluid towards the 
outlet is thus confined. The outlet can be arranged at 
the end of the passage. The liquid thus has a minimal 
free surface such that there are no surface waves and 
the static hydraulic pressures area minimized. Immer- 

55 sion fluid is supplied to the inlet through a chamber. The 
chamber is arranged to create only a small pressure 
drop between the chamber. and the inlet. For example 
the chamber should have a greater cross-sectional area 
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than the cross-sectional area of the inlet. 
[001 7] According to another aspect of the Invention 
there is provided a lithographic apparatus as specified 
in the opening paragraph wherein the radiation system 
provides a projection beam of radiation directed towards 
a target portion of the substrate, the liquid supply system 
comprising an outlet for removing liquid from the space 
between the final element of the projection system and 
the substrate and a seal member extending along at 
least a part of the boundary of said space between the 
final element of the projection system and the substrate 
table, the -apparatus being characterized in that said 
seal member and said projection system form a capillary 
passage, Sfaid outlet being arranged to remove liquid at 
the end of at least part of said capillary passage. 
[001 8] The depth of fluid is therefore carefully control- 
led to the level defined by the capillary passage. The 
apparatus may further comprise -ari inlet for supplying 
liquid to said space, said inlet being adjacent to the inner 
circumference of said seal member and directed to- 
wards the target portion of the substrate. The fluid di- 
rectly under the projection system, i.e. at the target por- 
tion of the substrate Is thus refreshed continuously. This 
is the fluid most susceptible to overheating and contam- 
ination. The inlet is preferably a continuous groove 
around the projection system. The flow rate of the outlet 
is greater than that of the inlet so excess fluid does not 
accumulate and the depth of fluid remains at the level 
defined by the capillary passage. 
[001 9] It is a further object of the Invention to prevent 
sudden variations in the pressure of the liquid surround- 
ing the final element of the projection system due to var- 
iations In the depth of the liquid. 

[0020] This and other objects are achieved according 
to a further aspect of the invention there is a lithographic 
projection apparatus as specified in the opening para- 
graph characterized in the said liquid is bounded by a 
barrier having a ridge having an area which is not insig- 
nificant compared to the area of the final elerrient of the 
projection system. Thus the ridge should have an area 
such that as the volume of immersion liquid between the 
final element of the projection system and the substrate 
increases above the level of the ridge the depth of im- 
mersion liquid only increases very slowly. For simplicity 
the barrier is part of the liquid supply system. 
[0021 ] It is a further object of the invention to provide 
a system in which the liquid can quickly and efficiently 
be removed In the event of a system error. 
[0022] According to a further aspect of the invention 
the liquid supply system further comprises an Inlet for 
supplying liquid to the space between the final element 
of the projection system and the substrate and means 
for connecting said inlet to a high vacuum source. If 
there Is a system failure (e.g. the substrate table is sud- 
denly removed) the inlet can therefore be used to re- 
move the liquid from the apparatus thereby preventing 
liquid from leaking out over the apparatusf and damaging 
delicate components. As the Irilet is often closer to the 



lower end of the liquid volume removing liquid through 
the inlet can be a more effective method than simply us- 
ing the outlet. The Inlet therefore operates as an addi- 
tional outlet speeding up extraction of the liquid in an 
5 emergency situation. A valve has been found to be a 
particularly suitable means for connecting the inlet to the 
high vacuum source. When a system failure occurs the 
valve quickly and simply connects the inlet to the high 
vacuum source. Optionally, the valve can be automati- 
cally operated upon a system failure, 
[0023] It will be clear to the skilled person that any of 
the dependent claims can be made dependent on any 
of the other independent claims. 

[0024] According to the prior art there is provided a 
device manufacturing method comprising the steps of: 

providing a substrate that is at least partially cov- 
ered by a layer of radiation-sensitive material; 
providing a projectior) beam of radiation using a ra- 
diation system; 
T using patteming means to endow the projection 
beam with a pattern in its cross-section; 
supplying a liquid between a final element of a pro- 
jection system used in said step of projection and 
said substrate through and Inlet; and 
projecting the patterned beam of radiation onto a 
target portion of the layer of radiation-sensitive ma- 
terial. 

[0025] According to a further aspect of the Invention 
there is provided a device manufacturing method ac- 
cording to the method described above characterized 
by further providing an overflow. 
[0026] According to a further aspect of the Invention 
there is provided a device manufacturing method as de- 
scribed above characterized in that when the amount of 
fluid exceeds a given level an increase in the amount of 
fluid does not cause a significant change in the depth of 
fluid. 

[0027] According to a further aspect of the invention 
there is provided a device manufacturing method as de- 
scribed above in which the projection beam is projected 
towards a target portion of the substrate, the liquid being 
supplied by and inlet and bounded by a seal member 
characterized in that the liquid flows out of the Inlet and 
is directed towards the target portion of the substrate. 
The Inlet Is provided adjacent to the iriner circumference 
of the seal member. 

[0028] According to a further aspect of the Invention 
there is provided a device manufacturing method de- 
scribed above characterized in that the depth of said liq- 
uid is controlled by capillary forces. The capillary forces 
are between a seal member and means for projection 
the patterned beam of radiation towardis the substrate. 
[0029] According to a further aspect of the Invention 
there Is provided a device manufacturing method as de- 
scribed above, the liquid being supplied by an inlet char- 
acterized by further providing means for connecting said 
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inlet to a high vacuum source. 

[0030] Although specific reference may be made in 
this text to the use of the apparatus according to the 
invention in the manufacture of ICs, it should be explic- 
itly understood that such an apparatus has many other s 
possible applications. For example, it may be employed 
in the manufacture of integrated optica! systems, guid- 
ance and detection pattems for magnetic domain mem- 
ories, liquid-crystal display panels, thin.-film magnetic 
heads, etc. The skilled artisan will appreciate that, in the io 
context of such alternative applications, any use of the 
terms "reticle", "wafer" or "die" in this text should be con- 
sidered as being replaced by the more general terms 
"mask", "substrate" and "target portion", respectively. 
[0031] In the present document, the terms "radiation" 15 
and "beam" are used to encompass all types of electro- 
magnetic radiation, Including ultraviolet radiation (e.g. 
with a wavelength of 365. 248, 193. 157 or 126 nm). 

BRIEF DESCRIPTION OF THE DRAWINGS 20 

[0032] Embodiments of the invention will now be de- 
scribed, by way of example only, with reference to the 
accompanying schematic drawings in which corre- 
sponding reference symbols Indicate corresponding 2s 
parts, and in which: 



DETAILED DESCRIPTION 
Embodiment 1 

[0034] Figure 1 schematically depicts a Ifthdgraphic 
apparatus according to one embodiment of the inven- 
tion. The apparatus comprises: 

an illumination system (illuminator) IL configured to 
condition a riadiation beam B (e.g. UV radiation or 
DUV radiation), 

a support structure (e.g. a mask table) MT con- 
structed to support a patterning device (e.g. a mask) 
MA and connected to a first positioner PM config- 
ured to accurately position the patterning device in 
accordance with certain parameters; 
a substrate table (e.g. a wafer table) WT construct- 
ed to hold a substrate (e.g. a resist-coated wafer) 
W and connected to a second positioner PW con- 
figured to accurately position the substrate in ac- 
cordance with certain parameters; and 
a projection system (e.g. a refractive projection lens 
system) PS configured to project a pattem imparted 
to the radiation beam B by patterning device MA on- 
to a target portion C (e.g. comprising one or more 
dies) of the substrate W. 

[0035] The Illumination system may include various 
types of optical components, such as refractive, reflec- 
tive, magnetic, electromagnetic, electrostatic or other 
types of optical components, or any combination there- 
of, for directing, shaping, or controlling radiation. 
[0036] The support structure supports, I.e. bears the 
weight of, the patterning device. It holds the patterning 
device in a manner that depends on the orientation of 
the patterning device, the design of the lithographic ap- 
paratus, and other conditions, such as for example 
whether or hot the patterning device is held in a vacuum 
environment. The support structure can use mechani- 
cal, vacuum, electrostatic or other clamping techniques 
to hold the patterning device. The support structure may 
be a frame or a table; for examplST which' may be flxigd'' 
or movable as required. The support structure may en- 
sure that the patterning device is at a desired position, 
for example with respect to the projection system. Any 
use of the terms "reticle" or "mask" herein may be con- 
sidered synonymous with the more general term "pat^ 
terning device." 

[0037] The term "patterning device" used herein 
should be broadly interpreted as referring to any device 
that can be used to impart a radiation beam with a pat- 
tern in its cross-section such as to create a pattern in a 
target portion of the substrate. It should be noted that 
the pattern imparted to the radiation beam may not ex- 
actly correspond to the desired pa;ttem in the target por- 
tion of the substrate, for example if the pattem Includes 
phase-shifting features or so called assist features. 
Generally, the pattern imparted to the radiation beam 



Figure 1 depicts a lithographic apparatus according 
to an embodiment of the Invention; 
Figures 2 and 3 depict a liquid supply system used 30 
in a prior art lithographic projection apparatus; 
Figure 4 Is a detail of a lithographic projection ap- 
paratus according to an embodiment of the Inven- 
tion; 

Figure 5 is a detail of a lithographic projection ap- 35 
paratus according to another embodiment of the in- 
vention showing an overflow; 
Figure 6 is a detail of an alternative lithographic pro- 
jection apparatus according to an embodiment of 
the invention; 40 
Figure 7 is a detail of an alternative lithographic pro- 
jection apparatus according to an embodiment of 
the invention; 

Figure 8 is a detail of an alternative lithographic pro- 
jection apparatus according to an embodiment of 45 
the invention; 

Figure 9 Is a detail 61 an embodiment of the Inven- 
tion; and 

Figure 10 depicts a liquid supply system according 
to another prior art lithographic projection appara- so 
tus. 

[0033] In the Figures, corresponding reference sym- 
bols indicate corresponding parts.. 

55 
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will correspond to a particular functional layer In a device 
being created in thetarget portion, such as an integrated 
circuit. 

[0038] The patterning device may be transmlssive or 
reflective. Examples of patterning devices include 
masks, programmable mirror arrays, and programma- 
ble LCD panels. Masks are well known in lithography, 
and include mask types such as binary, alternating 
phase-shift, and attenuated phase-shift, as well as var- 
ious hybrid mask types. An example of a programmable 
mirror array employs a matrix arrangement of small mir- 
rors, each of whk^h can be individually tilted so as to 
reflect an incoming radiation, beam in different direc- 
tions. The tilted minrors impart a pattern in a radiation 
beam which is reflected by the mirror matrix. 
[0039] The term "projection system" used herein 
should be broadly interpreted as encompassing any 
type of projection system, including refractive, reflective, 
catadioptric, magnetic, electromagnetic and electrostat- 
ic optical systems, or any combination thereof, as ap- 
propriate for the exposure radiation being used, or for 
other factors such as the use of an immersion liquid or 
the use of a vacuum. Any use of the term "projection 
lens" herein may be considered as synonymous with the 
more general term "projection system". 
[0040] As here depicted, the apparatuses of a trans- 
missive type (e.g. employing a transmlssive mask). Al- 
ternatively, the apparatus may be of a reflective type (e. 
g. employing a programmable mirror array of a type as 
referred to above, or employing a refJectlve mask). 
[0041] The lithographic apparatus may be of a type 
having two (dual stage) or more substrate tables (and/ 
or two or more mask tables). In such "multiple stage" 
machines the additional tables may be used in parallel, 
or preparatory steps may be carried out on one or more 
tables While one or more other tables are being used for 
exposure. 

[0042] Referring to Figure 1, the illuminator IL re- 
ceiveis a radiation beam from a radiation source SO. The 
source and the lithographic apjDaratus may be separate 
entities, for example when the source is an excimer la- 
ser. In such cases, the source is not considered to form 
part of the lithographic apparatus and the radiation 
beam is passed from the source SO to the illuminator IL 
with the aid of a beam delivery system BD comprising, 
for example, suitable directing mirrors and/or a beam 
expander, in other cases the source may be an integral 
part of the lithographic apparatus, for example when the 
source is a mercury lamp. The source SO and the illu- 
minator IL, together with the beam delivery system BD 
if required, may be referred to as a radiation system. 
[0043] The illuminator IL may comprise an adjuster 
AD for adjusting the angular intensity distribution of the 
radiation beam. Generally, at least the outer and/or inner 
radial extent (commonly referred to as o-outer and a- 
inner, respectively) of the Intensity distribution in a pupil 
plane of the illuminator can be adjusted. In addition, the 
Illuminator IL may comprise various other components, 



such as an integrator IN and a condenser CO. The illu- 
minator may be used to condition the radiation beam, to 
have a desired unifomnlty and intensity distribution in Its 
cross-section. 

5 [0044] The radiation beam B is incident on the pat- 
terning device (e.g., mask MA), which is held on the sup- 
port structure (e.g., mask table MT), and is patterned by 
the patterning device. Having traversed the mask MA, 
the radiation beam B passes through the projection sys- 

10 tem PS, which focuses the beam onto a target portion 
C of the substrate W. With the aid of the second posi- 
tioner PW and position sensor IF (e.g. an interferometric 
device, linear encoder or capacitive sensor), the sub- 
strate table VVT can be moved accurately, e.g. so as to 

15 position different target portions C in the path of the ra- 
diation beam B. Similarly, the first positioner PM and an- 
other position sensor (which is not explicitly depicted In 
Figure 1) can be used to accurately position the mask 
MA with respect to the path of the radiation beam B, e. 

20 g. after mechanical retrieval from a mask library, or dur- 
ing a scan. In general, movement of the mask table MT 
may be realized with the aid of a long-stroke module 
(coarse positioning) and a short-stroke module (fine po- 
sitioning), which form part of the first positioner PM. Sim- 

25 iiariy, movement of the substrate table WT may be real- 
ized using a longrstroke module and a short-stroke mod- 
ule, which form part of the second positioner PW. In the 
case of a stepper (as opposed to a scanner) the mask 
table MT may be connected to a short-stroke actuator 

30 only, or may be fixed. Mask MA and substrate W may 
be aligned using mask alignment marks Ml, M2 and 
substrate alignment marks PI, P2. Although the sub- 
strate alignment marks as illustrated occupy dedicated 
target portions, they may be located in spaces between 

35 target portions (these are known as scribe-lane align- 
ment marks). Similarly, in situations in which more than 
one die is provided on the mask MA, the mask alignment 
marks may be iocated between the dies. 
[0045] The depicted apparatus could be used in at 

40 least one of the following modes: 

1 . in step mode, the mask table MT and the sub- 
strate table WT are kept essentially stationary, while 
an entire pattem imparted to the radiation beam is 

45 projected onto a target portion C at one time (i.e. a 
single static exposure). The substrate table WT is 
then shifted in the X arid/or Y direction so that a.dif- 
ferent target portion C can be exposed. In step 
mode, the maximum size of the exposure field limits 

50 the size of the target portion C imaged in a single 
static exposure. 

2. In scan mode, the mask table MT and the sub- 
stratje table WT are scanned synchronously while a 
pattern imparted to the radiation beam is projected 

55 onto a target portion C (i.e. a single dynamic expo- 
sure). The velocity and direction of the substrate ta- 
ble WT relative to the mask table MT may be deter- 
mined by the (de-)magniflcatlon and image reversal 
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characteristics of the projection system PS. In scan 
mode, the maximum size of the exposure f ield limits 
the width (in the non-scanning direction) of the tar- 
get portion in a single dynamic exposure, whereas 
the length of the scanning motion determines the s 
height (in the scanning direction) of the target por- 
tion. 

3. In another mode, the mask table IVIT is kept es- 
sentially stationary holding a programmable pat- 
terning device, and the substrate table WT is moved 
or scanned while a pattern Imparted to the radiation 
beam is projected onto a target portion C. In this 
mode, generally a pulsed radiation source is em- 
ployed and the programmable patterning device is 
updated as required after each movement of the ^5 
substrate table WT or in between successive radi- 
ation pulses during a scan. This mode of operation 
can be readily applied to nhaskless lithography that 
utilizes programmable patterning device, such as a 
programmable mirror anray of a type as referred to 20 
above. 

[0046] Combinations and/or variations on the above 
described modes of use or entirely different modes of 
use may also be employed. 25 
[0047] As shown in Figure 4 a Ik^uid reservoir 10. be- 
tween the projection lens and the substrate is bounded 
by a gas seal 1 6 forming an annulus around the projec- 
tion lens. The seal, preferably a gas seal is formed by 
gas, e.g. air or synthetic air but preferably Ng or janother 30 
Inert gas, provided under pressure via inlet 1 5 to the gap 
between seal member 1 2 and substrate and extracted 
via first outlet 14. The overpressure on the gas inlet 15, 
vacuum level on the first outlet 14 and geometry of the 
gap are arranged so that there is a high-velocity air flow 35 
inwards that confines the liquid. The distance between 
the gas inlet and outlet and the substrate W is small. 
[0048] The liquid resen/oir is supplied with liquid by 
inlets 21 and 22 and excess liquid is removed via outlet 
14. The liquid reservoir extends above the bottom of the 40 
final element of the projection system PS to the level 
where the seal member 12 bounding the liquid reservoir 
and forming a barrier suddenly widens as shown in Fig- 
ure 4. The top of the seal member forms a ridge, the 
area of which is of an area similar to or larger than the 45 
area of the bottom of the final element of the projection 
system PL. Therefore, if the quantity of liquid in the res- 
ervoir increases dramatically the depth of the reservoir 
10 will not Increase significantly as a large Increase In 
the volume of immersion liquid over the large area of the so 
top of the seal member 12 will not generate a large 
change in the depth of immersion fluid. The pressure 
variations due to a change in the depth of the reservoir 
will therefore be minimal. 

55 

Embodiment 2 

[0049] Figure 5 shows an alternative arrangement for 



the structure described In embodiment 1 . An overflow 
structure 25 collects any excess liquid. The increase in 
depth of the liquid reservoir 1 0 due to an increase in the 
quantity of liquid is likely to be very small as a large 
amount of excess liquid can be accommodated in over- 
flow structure 25. There is an annular shaped dyke 27 
forming a barrier bounding the fluid and as the amount 
of liquid increases it flows over dyke 27 and into channel 
26 which is an outlet, removing liquid from the reservoir 
10. In this example the majority of the liquid is removed 
via channel 26 rather than outlet 14. The depth of fluid 
is thus controlled by the height of the dyke 27. As large 
amounts of liquid are not being removed via outlet 14 
fewer vibrations are induced in the seal member 12 and 
the gas seal 1 6 functions more effectively. The flow rate 
of channel 26 should be sufficiently low to ensure that 
the gas content is small. Channel 26 Is arranged above 
inlets 21 and 22 so the fluid overflows into channel 26. 

Embodiment 3 

[0050] The embodiment shown in Figure 6 is the 
same as the embodiments above except for the aspects 
described below. There is just one inlet 22, separate 
from the seal member 12. Inlet 22 Is formed between 
the projection system PS and the seal member 12 and 
fluid flows out from the Inlet 22 at a height below that of 
the dyke 27, but above that of the bottom of the final 
element of the projection system PS. Fluid is supplied 
at a constant rate R, but, similarly to embodiment 3, the 
fluid is predominantly removed via channel 26 rather 
than gas outlet 14. The rate of substance removal 
through channel 26 is also a constant rate R. Seal 32 
confines the gas around the reservoir 10 and prevents 
the moisture laden gas from pervading the whole appa- 
ratus, thereby damaging delicate parts and compromi;j- 
ing the accuracy of measurements, e.g. Interferometer 
readings. To keep the gais pressure above the reservoir 
1 0 constant, and therefore the priessure at the final ele- 
ment of the projection system PL constant there is a pas- 
sage 33 through the seal 32 through which gas can flow. 
The passage 33 leads outside' the" apparatus;' thereby " 
removing moisture laden air. The passage 33 should 
preferably have a low resistance allowing the gas to flow 
freely. 

Embodiment 4 

[0051] In this embodirhent fluid is supplied through 
concentric ring (i.e. annular) shaped Inlet 23 arranged 
on the inner circumference of seal member 1 2 shown in 
Figure 7. Inlet 23 has a slit width of approximately 20 
pm to 300 ixm, preferably 150p.m, is arranged at a dis- 
tance of approximately 0.5mm from the substrate W and 
directs a channel of fluid towards the area directly under 
the projection system PS (i.e. the target portion) such 
that the fluid directly under the projection system PS is 
constantly refreshed. In this example the inlet forms the 
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inner edge of the seal mennber 12, but it could also be 
arranged so it was just adjacent to the inner circumfer- 
ence ot the seal member 12. Alternatively inlet 23 could 
be a plurality of pipes arranged on the Inner circumfer- 
ence of the seal member 12. As shown in Figure 7 a s 
passage is formed between elements of the projection 
system PS and the seal member 12. Having circulated 
under the final element of the projection system PS the 
fluid flows through this passage and over the dyke 27 
prior to being removed via outlet 28. However, unlike the 
earlier ernbpdiments elements of the projection system 
PS, or another part of the apparatus bounds the upper 
level of the reservoir 10. No surface waves can therefore 
occur and static hydraulic pressures are limited resulting 
in a continuous uniform pressure on the projectk>n sys- 
tem PS. 

Embodiment 5 

[0052] The embodiment is the same as embodiment 
4 except for the aspects described below. Inlet 33 is an- 
nular shaped with a diameter of approximately 
50-1 00mm and a width of 20|j.m to 300pjn. preferably 
1 50p.m. As shown in Figure 8 the inlet 33 can end before 
the bottom of the seat member 12 or can extend to the 
bottom of the seal member 12 or anywhere in between. 
Immersion liquid is supplied to inlet 33 through chamber 
. 34 which has a greater cross-sectional area than inlet 
33 to ensure that the chamber 34 provides a smaller re- 
striction to flow. 

[0053] In this embodiment the seal member 12 and 
the projection system PS are arranged such that the im- 
mersion fluid is held between the seal member 12 and 
the projection system PL by capillary iforces at the level 
of dyke 27, 

[0054] The edges of seal member 12 slope towards 
the projection system PS with an angle to the direction 
of propagation of the radiation beam B of approximately 
45*'. Dyke 27 intersects this slope and fomis a broad 
ridge substantially perpendicular to the direction of prop- 
agation of the radiation beam B. The edges of projection 
system PS form a complimentary shape to the seal 
member 12 having a slope to the direction of propaga- 
tion of the projection beam B of approxlrnately 45® and 
also having a broad area perpendicular to the direction 
of propagation of the radiation beam B radially outwardly 
of the slope. 

[0055] Outlet 38 is arranged beyond dyke 27 and has 
a greater flow rate than the rate of flow through Inlet 33 
to make sure that the amount of immersion fluid in res- 
ervoir 10 Is controlled. Consequently some gas Is also 
removed through outlet 38. Distance 6^ is governed by 
the actuation height of the seal member 12 and in this 
example is at least 2 mm. Distance dg should however 
be as large as possible to ensure that there is sufficient 
airflow for outlet 38. This arrangement of apparatus en- 
sures that the depth of immersion fluid remains constant 
at the level 39 of the projection system PS just above 



dyke 27. 

[0056] To prevent the final element of the projection 
system from damage the distance between dyke 27 and 
the projection system PS is 2mm whereas the distance 
between the final element of the projection system and 
the substrate is greater than 2mm. 

Embodiment 6 

[0057] In this embodiment the flow of fluid through the 
inlet is controlled by valve 45 shown in Figure 9. During 
ordinary operation of the apparatus valve 45 allows fluid 
to flow freely through inlet 33. However when an error 
is detected in the system or apparatus, for example ac- 
cidental removal of the substrate W and substrate table 
WT or a servo error, valve 45 automatically connects 
inlet 33 to a high vacuum chamber (not shown in the 
accompanying drawings). The liqutocan therefore be 
quickly removed from the reservoir. The valve 45 and 
associated vacuum chamber can be connected to other 
inlets e.g. inlets 2 1 and 23 shown in embodiments 4 to 7. 
[0058] Although specific reference may be made in 
this text to the use of lithographic apparatus In the man- 
ufacture of ICs, it should be understood that the litho- 
graphic apparatus described herein may have other ap- 
plications, such as the manufacture of integrated optical 
systems, guidance and detection patterns for magnetic 
domain memories, flat-panel displays, liquid-crystal dis- 
plays (LCDs), thin-film magnetic heads, etc. The skilled 
artisan will appreciate that, in the context of such alter- 
native applications, any use of the tenms "wafer or "die'* 
herein may be considered as synonymous with the more 
general temns "substrate" or "target portion", respective- 
ly. The substrate referred to herein may be processed, 
before or after exposure. In for example a track (a tool 
that typically applies a layer of resist to a substrate and 
develops the exposed resist), a metrology tool and/or 
an inspection tool. Where applicable, the disclosure 
herein may be applied to such and other substrate 
processing tools. Further, the substrate may be proc- 
essed more than once, for example In order to create a 
multi-layer IC, so that the term substrate used herein 
may also refer to a substrate that already contains mul- 
tiple processed layers. 

[0059] Although specific reference may have been 
made above to the use of embodiments of the invention 
in the context of optical lithography, it will be appreciated 
that the invention may be used in other applications, for 
example imprint lithography, and where the context al- 
lows, is not limited to optical lithography. In imprint li- 
thography a topography in a patterning device defines 
the pattern created on a substrate. The topography of 
the patteming device may be pressed into a layer of re- 
sist supplied to the substrate whereupon the resist is 
cured by applying electromagnetic radiation, heat, pres- 
sure or a combination thereof. The patterning device is 
nioved out of the resist leaving a pattern in it after the 
resist is cured. 
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[0060] The terms "radiation" and "beam" used herein 
encompass all types of electromagnetic radiation, in- 
cluding ultraviolet <UV) radiation (e.g. having a wave- 
length of or about 365, 248, 193, 157 or 126 nm) and 
extreme ultra-violet (EUV) radiation (e.g. having a wave- 
length in the range of 5-20 nm);. as well as particle 
beams, such as ion beams or electron. beams. 
[0061] The term "lens", where the context allows, may 
refer to any one or combination of various types of op- 
tical components, Including refractive, reflective, mag- 
netic, electromagnetic and electrostatic optical compo- 
nents. 

[0062] While specific embodiments of the invention 
have been described above, it will be appreciated that 
the invention may be practiced otherwise than as de- 
scribed. For example, the invention may take the fonn 
of a computer program containing one or more sequenc- 
es of machine-readabie instructions describing a meth- 
od as disclosed above, or a data storage medium (e.g. 
semiconductor memory, magnetic or optical disk) hav- 
ing such a computer program stored therein. 
[0063] The present invention can be applied to any 
immersion lithography apparatus, in particular, but not 
exclusively, those types mentioned above. 
[0064] The descriptions above are intended to be il- 
lustrative, not liniiting. Thus., it will be apparent to one 
skilled in the art that modif jcations may be made to the 
invention as described without departing from the scope 
of the .claims set out below. 



Claims 

1. A lithographic projection apparatus comprising: 

a radiation system for providing a projection 
beam of radiation; 

a support structure for supporting patterning 
means, the patterning means serving to pattern 
the projection beam according to a desired pat- 
tern; 

a substrate table for holding a substrate; 
a projection system for projecting the patterned 
beam onto a target portion of the substrate; and 
a liquid supply system for at least partly filling 
a space between the final element of said pro- 
jection system and said substrate with a liquid 
to form a liquid reservoir, 

characterized by further comprising an overflow 
from said liquid reservoir. 

2. A lithographic projection apparatus according to 
claim 1 further comprising an inlet for supplying liq- 
uid to said space wherein said overflow is arranged 
above said inlet. 

3. A lithographic projection apparatus according to ei- 



ther claim 1 or claim 2 wherein said liquid is bound- 
ed by a barrier, an entrance to said overflow being 
positioned on the opposite side of the barrier. 

5 4. A lithographic projection apparatus according to 
claim 3 wherein said overflow is arranged such that 
•said liquid only flows into said overflow when said 
liquid flows over the top of said barrier. 

10 5. A lithographic projection apparatus according to 
any one of the preceding claims wherein said bar- 
rier forms part of the liquid supply system. 

.. 6. A lithographic projection apparatus according to 
15 any one of the preceding claims wherein said bar- 

rier forms a ridge having an area which is not insig- 
nificant compared to the area of the final element of 
the projection system. 

20 7. A lithographic projection apparatus according to 
any one of the preceding claims wherein the space 
above said liquid is sealed with an airtight member. 

8. A lithographic projection apparatus according to 
25 any one of the preceding claims wherein said over- 
flow maintains the pressure above said fluid at a 
constant level. 

9. A lithographic projection apparatus according to 
30 any one of the preceding claims further comprising 

a seat member extending along at least a part of the 
boundary of said space between the final element 
of said projection system and said substrate table, 
said seal member and said projection system form- 
35 ing a capillary passage, said overflow being ar- 
ranged to remove liquid at the end of at least part 
of said capillary passage. 

10. A lithographic projection apparatus according to 
40 any one of the preceding claims further comprising 

a seal member extending along at least a part of the 
boundary of said space betweerif the final eTemeht 
of said projection system and said substrate table 
and an inlet for supplying liquid to said space, said 
45 inlet being adjacent to the inner circumference of 
said seal member and directed towards the target 
portion of said substrate. 

11. A lithographic projection apparatus comprising: 

50 

a radiation system for providing a projection 
beam of radiation; 

a support structure for supporting patterning 
means, the patterning means serving to pattern 
ss the projection beam according to a desired pat- 

tern; 

a substrate table for holding a substrate; 

a proj ection system for p rojecti ng the patterned 
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beam onto a target portion of the substrate; and 
a liquid supply system for at least partly filling 
a space between the final element of said pro- 
jection system and sard substrate with a liquid, 

characterized J n that said liquid is bounded by a 
barrier having a ridge having an area which is not 
insignificant compared to the area of the final ele- 
ment of the projection system. 

12. A lithographic projection apparatus according to 
claim 1 1 wherein said barrier is part of said liquid 
supply system. 

13- A lithographic projection apparatus according to ei- 
ther claim 11 or claim 12 further comprising a seal 
member extending along at least a part of the 
boundary of said space between the final element 
of said projection system and said substrate table 
and an outlet for removing liquid from said space, 
said seal member and said projection system form- 
ing a capillary passage, said outlet being arranged 
to remove liquid at the end of at least part of said 
capillary passage. 

14. A lithographic projection apparatus according to 
any one of claims 11 to 1 3 further comprising a seal 
member extending along at least a part of the 
boundary of said space between the final element 
of said projection system and said substrate table 
and an inlet for supplying liquid to said space, said 
inlet being adjacent to the inner circumference of 
said seal member and directed towards the target 
portion of said substrate. 

15. A lithographic projection apparatus comprising: 

a substrate table for holding a substrate; 
a radiation system for providing a projection 
beam of radiation directed towards a target por- 
tion of said substrate; 

a support structure for supporting patterning 
means, the patterning means serving to pattern 
the projection beam according to a desired pat- 
tem; 

a projection system for projecting the patterned 
beam onto a target portion of the substrate; and 
a liquid supply system for at least partly filling 
a space between the final element of said pro- 
jection system and said substrate with a liquid, 
said liquid supply system comprising: 
an inlet for supplying liquid to said space; and 
a seal member extending along at least a part 
of the boundary of said space between the final 
element of said projection system and said sub- 
strate table, 

characterized in that said inlet is adjacent to the 



inner circumference of said seal member and Is di- 
rected towards the target portion of the substrate. 

16. A lithographic projection apparatus according to 
5 claim 15 wherein said liquid supply system is ar- 

ranged such that a passage is formed between an 
element of the projection system and said seal 
member for the flow of liquid towards an outlet. 

10 17. A lithographic projection apparatus according to 
claim 1 6 wherein said outlet is at the end of said 
passage. 

18. A lithographic projection apparatus according to 
15 any one of claims 15 to 17 further comprising a 

chamber, through which said liquid is supplied to 
said inlet, said chamber having a larger cross-sec- 
tional area than the cross sectional area of said in- 
let. 

20 

19. A lithographic projection apparatus according to 
any one of claims 15 to 18 further comprising an 
outlet for removing liquid from said space, said seal 
member and said projection system forming a cap- 

25 iiiary passage, said outlet being arranged to remove 
liquid at the end of at least part of said capillary pas- 
sage. 

20. A lithographic projection apparatus according to 
30 any one of claims 15 to 19 further comprising an 

overflow. 

21 . A lithographic projection apparatus comprising: 

35 - a substrate table for holding a substrate; 

& radiation system for providing a projection 
beam of radiation directed towards a target por- 
tion of said substrate; 

a support structure for supporting patterning 
"to means, the patterning means serving to pattern 

the projection beam according to a desired pat- 
tern; 

a projection system for projecting the patterned 
beam onto a target portion of the substrate; and 
45 . a liquid supply system for at least partly filling 
a space between the final element of said pro- 
jection system and said substrate with a liquid, 
said liquid supply system comprising: 
a seal member extending along at least a part 
50 of the boundary of said space between the final 

element of said projection system and said sub- 
strate table, 

an outlet for removing liquid from said space, 

55 characterized in that said seal member and said 
projection system form a capillary passage, said 
outiet being arranged to remove liquid at the end of 
at least part of said capillary passage. 
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22. A lithographic projection apparatus according to 
claim 21 further comprising an inlet for supplying liq- 
uid to said space wherein the flow rate of said outlet 
Is greater than the flow rate of said inlet. 

5 

23. A lithographic projection apparatus according to ei- 
ther claim 21 or claim 22 further conriprising an Inlet 
for supplying liquid to said space, said Inlet being 
adjacent to the inner circumference of said sea! 
member and directed towards the target portion of io 
the substrate. 

24. A lithographic projection apparatus according to 
any one of claims 21 to 23 further comprising an 
inlet for supplying liquid to said space, said inlet be- is 
ing adjacent to the inner circumference of said seal 
member and directed towards the.target portion of 
said substrate 

25- A lithographic projection apparatus according to 20 
any one of claims 21 to 25 further comprising an 
overflow. 

26. A lithographic projection apparatus comprising: 

25 

a radiation system for providing a projection 
beam of radiation; 

a support structure for supporting patterning 
means, the patteming means serving to pattern 
the projection beam according to a desired pat- 30 
tern; 

a substrate table for holding a substrate; 
a projection system for projecting the patterned 
beam onto a target portion of the substrate; and 
a liquid supply system for at least partly filling 35 
a space between the final, element of said pro- 
jection system and said substrate with a liquid, 
said liquid supply system comprising an inlet for 
supplying liquid to said space, 

40 

characterized by further comprising means for 
connecting said inlet to a high vaic^^ 

27. A lithographic projection apparatus according to 
claim 26 wherein said inlet operates as an outlet 
when connected to said high vacuum source. 

28. A lithographic projection apparatus according to ei- 
ther claim 26 or claim 27 wherein said means for 
connecting said inlet to a high vacuum source Is au- so 
tomatically operated upon a system failure. 

29. A lithographic projection apparatus according to 
any one of the preceding claims wherein said liquid 
reservoir covers a smaller area than said substrate, ss 
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1, Claims: 1-14, 21-25. 29 (Insofar as deper)dent on claims 1-14, 

21-25) 

Closest prior art: projection Immersion lithography with 
dyke. 

Special technical feature: overflow arranged to reduce 
pressure variations on the final element of the projection 

system. 

Problem solved by this special technical feature: improved 
Image qijallty (through reduced vibration). 

. 2. claims: 15-20, 26-28» 29 (Insofar as dependent on claims 15-20, 

26-28) 

Special technical feature of claims 15-20: inlet (usable as 
outlet) adjacent inner circumference of seal. 

Special technical feature of claims 26-28: Inlet connectable 
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Problem solved by these corresponding special technical 
features: emergency removal of Immersion liquid, e.g. In 
case workplece is accidentally removed from exposure 
position* 



30CID: <EP 1528433A3 I > 



5 



EP 1 528 433 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPMCATION NO. EP 04 25 658S 



This annex Gsts the patent 1an% members relafii^ to the patent documents cited In Oie above-menSoned European search report 
The memtiersare as contabwdinlhe Eaaopean Patent Office EOP file on 

TTie CufOpean Patent Offlca is in no way Bablo for 0ias9 pa/liculam wNdh aro mml/ given tor the purpose of Information. 

29-03-2005 



Patent document 




PubScalior 




' Patent fantfly 


PubKeatlon 


citdd m search report 




date 




cn8nnber(s) 


date 


EP 14Z03uZ 


A 


19-05—2004 


EP 


1420302 Al 


19-05-2004 








CN 


1501170 A 


02-06-2004 








JP 


2004172621 A 


17-06-2004 








US 


2004114117 Al 


17-06-2004 


UO 2004055803 


A 


Oi-07-2004 


UO 


2004055803 Al 


01-07-2004 


tr 0834/73 


A 


'AO Ail ^AflO 

08-04—1998 


us 


5825043 A 


20-10^1998 








EP 


0834773 A2 


08-04-1998 








OP 


10154659 A 


09-06-1998 








US 


6191429 Bl 


20-02-2001 


UO 9949504 


A 


30-09-1999 


AU 


2747999 A 


18-10-1999 








HO 


9949504 Al 


30-09-1999 


JP 63157419 


A 


30-06-1988 


NONE 






JP 2003297735 


. A 


17-10-2003 


US 


2004103950 Al 


03-06-2004 


US 2004103950 


Al 


03-06-2004 


OP 


2003297735 A 


. 17-10-2003 


EP 1494079 


A 


05-01-2005 


EP 


1498778 Al 


19-01-2005 








EP 


1494079 Al 


05-01-2005 








JP 


2005045223 A 


17-02-2005 








US 


2005018155 Al 


27-01-2005 


EP 0605103 


A 


06-07-1994 


OP 


2753930 62 


20-05-1998 








OP 


6168866 A 


14-06-1994 








DE 


69321571 Dl 


19-11-1998 








DC 


69321571 12 


08-04-1999 








EP 


0605103 Al 


05-07-1994 








US 


5610683 A 


11-03-1997 


EP 1482372 


A 


01-12-2004 


EP 


1482372 Al 


01-12-2004 








JP 


2004363588 A 


24-12-2004 








US 


2005007570 Al 


13-01-2005 


UO 2005015315 


A 


17-02-2005 


HO 


2005015315 A2 


17-02-2005 





For more dotaas about this annex: see CHfic^ Journal Of the European P&M 



6 



